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CS may have GalNAc 4-O- or 6-O- sulphation and additionally
GlcA 2-O-sulphation. CS from trachea is mainly GalNAc 4-O-
sulphated while that from load bearing cartilages have higher
levels of 6-O-sulphation.CS is widely used by those suffering os-
teoarthritis and a deeper understanding of CS structure/function
relationships. However, available tools permit acquisition of com-
positional, but not sequence data, from CS, and it is likely that CS
functional motifs will be embedded within domains of sequence.
Methods: We have used novel chondroitin C lyase depolymeri-
sation methods allied with HPLC and novel Mass Spectrometry
(MS) methods of oligosaccharide analysis to study CS compo-
sition and sequence. In addition intact CS chain structure has
been studied by NMR spectroscopy.
Results: We have demonstrated that CS sulphation is non-
random, that CS sulphation occurs in domains and that there are
differences in CS composition and sequence between species.
Data from shark cartilage show that GalNAc 4-O- and 6-O-
sulphation occurs in blocks showing the domains of structure
within a non-random CS chain. Shark CS contains 2-O-sulphated
residues which are mostly found between residues with 4-O- and
6-O-sulphation in agreement with studies of the sulphotrans-
ferase activity. The 2-O-sulphation level increases with length,
suggesting a preferential localisation towards the non-reducing
end of the chain. Examination of tracheal CS from a range of
mammals (e.g. human, bovine, porcine and ovine) shows that
the composition and sequence of each differs. Further, we show
that the CS from non-mammalian species e.g. chicken, is also
unique. Many of these are used as sources of commercial CS
and we therefore demonstrate that choice of species used to
derive CS dictates the structure of the product. The level of 4-
sulphation in bovine tracheal CS (ca. 70%) is significantly lower
than that found in chicken CS (ca. 80%) and while the distribu-
tion of 4-sulphates throughout chicken CS is relatively uniform,
this is not the case for bovine tracheal CS in which longer
chains contain more 4-sulphated residues. These differences in
composition and sequence will significantly change the profile
of the CS and hence functionality. We have isolated defined
CS oligosaccharides of up to 20-mer and demonstrated both
purity and structure by NMR spectroscopy. These represent the
largest pure defined oligo-saccharides isolated to-date and they
represent a significant resource for further studies.
Conclusions: We have shown that digestion of CS with chon-
droitin C lyase allows the abundance of blocks of 4-O-sulphated
GalNAc residues to be determined in an analytical method, suit-
able for acquiring sequence related data from CS chains to
increase our understanding above that available from composi-
tional analysis. CS structure impacts interactions and it will be
important to use these techniques to characterise binding sites
for protein binding partners. The localisation of sulphation was
confirmed to be non random in local requirements and in the
abundance along the chain length. These data also confirm that
MS methods are appropriate for acquiring quantitative data on
CS oligosaccharide abundance from heterogeneous mixtures.
We also show that NMR spectroscopy can be used to acquire
detailed structural data from intact CS chains.
These data show that the source tissue used for CS preparation
can have a significant impact upon the composition, sequence
and hence functionality of the material isolated.
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Purpose: The trefoil factor family peptide 3 (TFF3, also known
as intestinal trefoil factor) has been implicated in epithelial tissue
restoration and is found associated mainly with mucosal epithelial
surfaces. In the present investigation we addressed the question
whether TFF3 has also a role in articular cartilage restoration.
Methods: Healthy and osteoarthritic human articular cartilage
samples were compared with regard to expression and pro-
duction of TFF3 by means of RT-PCR, Western-blotting and
immunohistochemistry. TFF3 production in cultures of human
primary chondrocytes as well as T/C-28a2 chondrocytes after
incubation with tumor necrosis factor a (TNFa) and interleukin-1
(IL-1) was determined by immunostaining on glass cover slides
and immunodot blot. Immunohistochemical analyses were per-
formed to study the expression of Tff3 in osteoarthritic cartilage
of STR/Ort mice.
Results: We found mRNA expression of human TFF3 in both
human healthy and osteoarthritic cartilage, whereas production
on the protein level was only visible in osteoarthritic cartilage.
In the early stage of osteoarthritis (OA) TFF3 was detected
in the cytoplasm and in the extracellular matrix while in late
stages only intracellular immunostaining was observed. TNFa
and IL-1-treated primary chondrocytes stained clearly with TFF3
antibody, whereas untreated cells were negative. Some T/C-
28a2 cells revealed positive TFF3-staining without pretreatment.
After TNFa administration the staining was increased; IL-1 had
no effect. Immunodot blot analysis of culture supernatants from
primary chondrocytes supported the finding of increased TFF3
secretion after administration of TNFa and IL-1. STR/Ort mice,
which are genetically predisposed to develop OA-like lesions in
the knee joint, demonstrated positive TFF3-staining of some but
not all chondrocytes especially in early stages of OA.
Conclusions: These findings suggest a possible protective role
of human TFF3 during OA, due to a possible control of matrix
degrading enzymes (MMPs) or apoptosis, and encourage further
investigations.
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Purpose: Osteoarthritis (OA) and rheumatoid arthritis (RA) are
characterized by high expression of the proinflammatory cy-
tokines interleukin-1β (IL-1β), and tumour necrosis factor alpha
(TNF-α). Several studies have reported the involvement of the
Notch signaling pathway in the patophysiology of RA. Several
studies have shown that stimulation of synoviocytes from pa-
tients with RA with TNF-α induces expression of Notch1, 4, and
Jagged2 as well as nuclear translocation of the intracellular do-
